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It is shown, based on experimental data in the literature, that silicon telluride is a semiconductor with an energy gap of approximately 0.47 eV at 0 •K. It is suggested that SiTe is likely to be a superconductor with a transition temperature higher than that of GeTe with the same carrier concentration.
The only known superconducting semiconductors 1 are SnTe, GeTe, and SrTi0 3 • Since two of these are IV-VI semiconductors, it is interesting to investigate other group-IV tellurides as possible superconductors. The object of this article is to point out the existence of the semiconductor silicon telluride, to determine its energy gap from experimental data in the literature, and to suggest that SiTe will very possibly be a superconductor for values of the carrier concentration typical of those of the other group-IV tellurides.
The only paper published in the last twenty years on the electronic properties of SiTe is that of Smirous et til.
2 These workers synthesized SiTe and determined that its crystal structure is not of the NaCl type. They also measured the electrical conductivity a of polycrystalline samples of SiTe as a function of temperature. In the temperature range from 210 to 430 °K, da/dT was observed to be positive, and it was concluded that silicon telluride is a semiconductor. Measurement of the thermoelectric power indicated hole conductivity.
Given these experimental results, the following investigation may be made of the quantities appearing in the BCS equation 3 based on the BCS (single-square-well) model 4 :
(1)
In Eq. (1), Tc is the superconducting transition temperature, TD is the Debye temperature, N(O) is the electronic density of states at the Fermi energy, and Vis the attractive electron-electron interaction. The aim of this paper is the qualitative comparison of probable values of N(O) and TD for SiTe with values for SnTe and GeTe, both of which are known to be superconducting semiconductors.
To discuss the value of N(O) for SiTe, we note that a parabolic-band model yields the relation
where m* is the effective mass and n is the carrier concentration. We may estimate the relative magnitude of m* for SiTe as follows. The experiental plot of lna as a function of 1/T given by Smirous et al. has·the shape characteristic of an intrinsic semiconductor, and these workers report it intrinsic above room temperature. Making the usual assumptions 5 concerning such data, the slope d(lna)/d(1/T) of the intrinsic line (300 < T < 430 °K) yields a value of the energy gap of SiTe at 0 oK of approximately 0. 47 eV. Using the f-sum rule 6 and considering a band model including only the lowest conduction band and the highest valence band, it can be shown 7 that
where EGis the minimum energy gap, m is the free-electron mass, M is the f-sum matrix element, and the plus and minus signs are appropriate for holes and electrons, respectively. If we assume8 that the matrix element M)s the same for · all members of the sequence SnTe, GeTe, and SiTe, then the fact that EG for SiTe is larger than E G for GeTe 9 or SnTe 9 implies that m* is larger for SiTe than for either GeTe or SnTe. Equation (2) then states that for a given carrier concentration n, the density of states N(O) will be larger 10 for SiTe than for the other two group-IV tellurides. In addition, the Debye temperature T D would be expected to be larger for SiTe than for SnTe and GeTe because of the decrease in atomic mass upon going from tin to germanium to silicon.
Since N(O) and T D may be expected to be larger for SiTe than for SnTe and GeTe, it is concluded, based on Eq. (1), that Tc for silicon telluride should, for a given value of n, be larger than T c for SnTe and GeTe if the electron-electron interaction V remains approximately constant within the sequence of group-IV tellurides. (From a more empirical point of view, it may be argued that since T c is larger 11 for GeTe than for SnTe for all values of carrier concentration, it is likely that Tc for SiTe would be larger than for GeTe, all other things being equal.)
Even though the discussion given above is qualitative and several simplifying assumptions are made, it seems that the conclusion that silicon telluride is likely to be a superconducting semiconductor is a reasonable one. For this reason, and because of the very small number of super- .. ...
